In this globalization era, manufacturing industries have experienced many significant changes, indicated by highly-innovated and short-aged product emerging today. This condition has forced manufacturing industries to put more consideration to their core capability, thus consequently has made outsourcing activities become an important and strategic decision. A company's efforts in achieving competitive benefits begin with managing its suppliers. In real conditions, selecting suppliers is not an easy thing to decide, yet it needs a correct strategic way in order to get potential suppliers. Furthermore in Just-In-Time (JIT) manufacturer, supplier selection is an important strategic issue for the company, because it is a long-term investment and success key to the JIT philosophy implementation. The objective of this paper is to design a framework for supplier selection in JIT manufacturing based on multivariate approach. This paper is based on a study in the largest JIT automotive manufacturer in Indonesia. The design begins by applying factor analysis to settle attributes used in the supplier selection process. Afterward, a conjoint analysis is used to find out the company's preferences of its suppliers through the assessment of profiles, which are the combinations of attributes and levels used in the selection process. Selecting potential supplier can be established using Multidimensional Scaling (MDS) method. This method would specify company's preferences visually in a multidimensional space, and in the end it would set the Euclidean distance for each supplier compared to the ideal point. Eventually, this perception map would help the company in choosing suppliers which are located within their ideal point.
Introduction
In this globalization era, manufacturing industries are in a phase of radical change. Shortness of product innovation and life cycle has forced enterprises to make reductions, keep its focus on competencies, and try to poses competitive benefits (Kannan and Tan, 2002) . The growing intensity of international competition forces enterprises to reduce their vertical range of manufacture and to concentrate exclusively on their core capabilities. Certain enterprises reduce their suppliers in order to make their established supplier-buyer partnership more effective. Many organizations embrace partnership as a philosophy and view it as a key strategy for continued competitive success (Lettice et al., 2009) .
Supplier can take part in early stage of product development, and along with the enterprise itself, this cooperation could provide varied designs with cheaper cost, more alternative solutions, and best components and technologies (Monczka et al., 1993) . This context results to an increase of the proportion of purchased parts and consequently increases the dependency on suppliers. Therefore, the success of a company is determined to a greater degree by the abilities of its suppliers. Especially in automotive industry, where an automobile composed of approximately 15000 parts and outsource more than 50% of their parts (Lettice et al., 2009) . The automotive industry is also a leading practitioner of Japanese-style just in time (JIT) manufacturing techniques, lean production, JIT delivery of component supplies, and minimum inventory programs. Reductions in order size and order lead time are the two purchasing elements that make JIT unique (Dong et al., 2001) . Such practices make supplier selection of critical importance within the industry (Lettice et al., 2009; Reeves Jr. et al., 2010) .
According to the Supply Chain Management concept, supplier selection is a beginning of a successful supply chain, one of the most fundamental and important decisions. Difficulties arise from the increased levels of complexity involved in considering various supplier performance and relationship factors. In order to perform a comprehensive sustainability evaluation of suppliers, a number of criteria may be utilized.
Managers must be able to analyze and document the importance of several factors, converting instinctive and perceptual qualitative indicators to concise empirical measures (Bai and Sarkis, 2010) .
Establishing the selection criteria is indeed one of the most critical parts of the supplier selection process. In addition, criteria included in the supplier selection process may frequently contradict each other, e.g. supplier with the lowest price may not have the best quality, or supplier with the best quality may not deliver on time. Therefore, a tradeoff among criteria has to be considered. The implementation of modern production strategies such as JIT and Total Quality Management (TQM) may also increase the importance of the analysis of trade-offs among the selection criteria (Karpak et al., 1999) .
Difficulties in supplier selection do arise since it involves multiple criteria, which may include both qualitative and quantitative factors. One of the disadvantages of mathematical programming methods is their failure to account for qualitative factors that may affect suppliers' performance (Sawik, 2010) . In order to understand trade-offs in the supplier selection process, one need to consider the relative weights that buyers attach to various characteristics of their current supplier with respect to other competitors. (Van der Rhee et al., 2009) . A supplier mapping which can describe the company perception and preferences may provide a systematic way for the decision makers in making a comparison among potential suppliers.
Based on these premises, the objective of this paper is to design a framework for supplier selection in JIT manufacturing that can fulfill all evaluated demands in supplier selection (i.e., multi criteria, qualitative and quantitative consideration criteria, incorporates all decision makers' preferences, enables trade-off among criteria, and provides supplier mapping). The postulated representation and aggregation of data suggest the application of multivariate procedures, that is, by integrating factor analysis, conjoint analysis, and multidimensional scaling (MDS) in order to build the basis for the supplier selection framework.
The main contribution of this paper is in the methodological approach proposed, which enables to deal with selecting suppliers when multi criteria has to be evaluated. Multi-criteria decision making (MCDM) methods have been successfully adopted in literature to deal with supplier selection issues. However, researchers have pointed out that these methods cannot be directly applied to assess a large number of criteria, since they tend to generate inconsistencies (Botani and Rizzi, 2008) . To cope with this issue, the approach developed exploits the combined application of factor analysis and conjoint analysis, which allows reducing the problem dimension by grouping criteria based on their similarities. Conjoint analysis used to assess the relative weights of each criterion based on decision makers' preferences. Past studies have shown that in general the market predictions generated from the statistical models based on conjoint analysis are extremely accurate (Van der Rhee et al., 2009) .
The proposed method also enables to deal with a large number of suppliers, where a spatial mapping of potential suppliers based on multidimensional scaling method can provide a systematic way for the decision makers in making a comparison among potential suppliers. It is an objective procedure that analyses and represents the potential suppliers in order to rate and classify them (Lasch and Janker, 2005) .
The second contribution of this paper takes place on the empirical analysis based on the case in the biggest JIT automotive manufacturer in Indonesia, with the aim of selecting the most suitable cutting tools supplier. The company has the largest market share in Indonesia and also pioneered the export of automotive parts and Completely BuiltUp (CBU) vehicles to various developing countries more than 200,000 units since 1997. The company currently uses components and parts from about 100 first tier suppliers.
Literature Review
Measuring certain criteria such as price, shipment, quality, and service is a common method used in selecting supplier (Ellram, 1990) . However, those criteria seem to depend on the regions and types of industry and hence are very context-based. For example JIT capability may critical only in JIT companies. Reductions in order size and order lead time are the two purchasing elements that make JIT unique (Dong et al., 2001) . Frequent deliveries of small lot size that facilitate inventory reduction of raw materials in JIT purchasing program make supplier equipped with Electronic Data Interchange (EDI) system into an attractive option (Boer et al., 2001) . In short, the criteria used in supplier selection studies across regions and industries is differ (Lin and Purchase, 2005) .
Supplier selection method has been an important research theme in the supply chain management literature. Some methods that has been used in supplier selection studies are conjoint analysis (Lin and Purchase, 2005) , hierarchical regression (Power, 2008) , integrated lexicographic goal programming (LGP) and analytic hierarchy process (AHP) (Cebi and Bayraktar, 2003) , weighted point (Timmerman, 1986) , AHP (Nydick and Hill, 1992; Gnanasekaran et al., 2006) , total cost ratio (Timmerman, 1986) , total cost of ownership (Ellram, 1995) , principal component analysis (PCA) (Petroni and Braglia, 2000) , neural network (Wei et al., 1997) , total cost of ownership and AHP (Bhutta and Huq, 2002) , analytic network process (ANP) (Bayazit, 2006) , factor analysis and MDS (Lasch and Janker, 2005) , multi-criteria decision support system (MCDSS) using AHP (Yang et al., 2008) , visual interactive goal programming (Karpak et al., 1999) , rating system (Thompson, 1991) , optimization using linear model (Timmerman, 1986) , key figures analysis (Schulte, 1996) , checklist (Harting, 1994) , fuzzy logic system (Urban, 1998), and conjointanalysis-like AHP (Malvinas et al., 2005) . Other research shows the descriptive statistics of the studies related to supplier selection methods (Lasch and Janker, 2005) .
Despite the potential benefits of the proposed methods discussed in the literature, there are still some shortcomings particularly for the case of JIT manufacturing, e.g. buyer-supplier relationships which is only based on price as the decision attribute and focus only on purchasing/procurement department and overlook other departments' preferences (Cebi and Bayraktar, 2003) , AHP method can only predict the scores of attributes which are directly evaluated and it cannot take into count the interdependence that may exist among attributes (Malvinas et al., 2005) , ANP requires a complex methodology with lots of comparison since it incorporates feedback and interdependent among decision attributes and alternatives (Bayazit, 2006) , LGP as an optimization method requires laborious process especially with the increasing number of decision attributes, where lower priority attribute may not affect the solution because the analysis stops as soon as the procedure finds an optimal solution (Karpak et al., 1999) , and no suppliers mapping which can describe the company perception and preferences (Lasch and Janker, 2005) . Other research summarized the supplier selection method strengths and weaknesses (Bello, 2003) .
The construction of a new method should fulfill all evaluated demands (i.e., multi criteria, qualitative and quantitative consideration criteria, incorporates all decision makers' preferences, enables trade-off Surjandari et al: Supplier Selection in JIT Automotive Industry: A Multivariate Approach among criteria, and provides supplier mapping). The postulated representation and aggregation of data suggest the application of multivariate procedures such as factor analysis, conjoint analysis, and multidimensional scaling in order to build the basis for the supplier selection framework.
Methodology
This research took place on a case where a supplier selection framework is needed for selecting the suppliers of cutting tools. Currently, there are nine potential suppliers for cutting tools. In order to keep establishing its mission, that is to be the leader in automotive industry, the company applies the supply chain management system. Currently, supplier selection process has been organized by the purchasing division, where the selection process is done based on four criteria, which are: price, quality, shipment, and supplier internal management. A point system is used in the supplier rating system and based on the following scale: A (90-100), B (80-89), C (60-79), D (30-59), and E (0-29).
In spite of the position of purchasing division as the decision maker in the supplier selection process, other divisions also need to be involved in the process because they may have different preferences. This study uses multivariate analysis, which allows a supplier selection process that involves assessment by other relevant divisions in the company. In addition, it also takes into consideration trade-off among multiple selection criteria that involve both quantitative and qualitative, which is an important factor for successful implementation of JIT. In so doing, this study integrates multivariate techniques (i.e., factor analysis, conjoint analysis, and MDS) for selecting and evaluating suppliers.
The primary aim of factor analysis is data reduction by describing the overall of a set of correlated original variables by a smaller set of a new variables or factors without losing relevant information. The main applications of factor analysis are first to reduce the number of variables, and second to detect structures in the relationship between them (Lasch and Janker, 2004) . Factor analysis enables the company to consider multiple criteria that involve both quantitative and qualitative in the supplier selection process.
Conjoint analysis is a multivariate technique used specifically to understand how respondents develop preferences for products or services (Hair et al., 2006) . It is also called "CONsidered JOINTly" or "trade-off analysis". This method is based on the multi-attribute product concept, where it is assumed that individual in choosing a product or a service is based on the evaluation of all attributes simultaneously. Conjoint Analysis will deliver output in the form of quantitative measure which is utility and relative importance of an attribute compared to other attributes. It is conducted through psychological consideration or consumer's preferences. In this study, a full-profile method is used for the representation method because it gives a more explicit description of the trade-off among attributes and the existing correlation among attributes. A rating system based on likert scale is used for the preference measurement of the respondents.
Multidimensional scaling is a method for generating a two or three dimensional representation of a multidimensional space. Reminiscent of conjoint analysis, MDS is based on the respondent's ability to make judgments about the supplier. MDS is a procedure used to map the perceptions and preferences of the respondents into visually geometry map. The main purpose of MDS is to transform the respondent's opinion about the similarity or contentment of some objects into distances represented in multidimensional space.
In this study, the attribute-based MDS was used, that is, the compensatory model, where preferences obtained indirectly through the formula:
where S i is preference for supplier i, w ij is importance level of atribut j for supplier i, and r ijk is the value of object k on atribute j for supplier i. For the purpose of this study, three sources were used to identify supplier selection criteria: previous literature, discussions with practitioners, and company-specific manuals. Based on these sources, 13 criteria used to select suppliers were identified, as shown in Table 1 . These reflect a variety of supplier attributes including cost, quality, delivery performance, capability, and culture.
Three sequential closed interview questionnaires are used for the data collection. In Surjandari et al: Supplier Selection in JIT Automotive Industry: A Multivariate Approach the first questionnaire, respondents were asked to provide an assessment of the attributes used in the supplier selection process (see Table 1 ). Respondents in this study are those who are involved in the process of assessment and selection of suppliers. They represent the division of purchasing, production, engineering, maintenance, PDA (warehouse), and quality. A likert scale is used for the first questionnaire, ranging from 1 to 5, where 1 indicate strongly disagree factor used for supplier assessment and selection, and 5 indicate strongly agree factor used for supplier assessment and selection.
Based on factor analysis results, it can be determined the attributes and their levels. The next step is to conduct conjoint analysis by first designing stimuli which are combination of attributes and levels. On the second questionnaire, respondents were asked to provide an assessment of each stimulus using likert scale ranging from 1 to 5, where 1 indicates that the respondent does not like a supplier with the existing combination and 5 indicates that the respondent is likely to choose a supplier with the existing combination.
The third questionnaire is intended to visually map the potential suppliers, in which respondents were asked to give their assessment of the suppliers in terms of attributes that have been determined based on conjoint analysis. A likert scale is used ranging from 1 to 5, where 1 indicates very dissatisfied with the supplier and 5 indicates very satisfied with the supplier.
Factor Analysis Results
Data obtained from the first questionnaire was then analyzed using factor analysis. Factor analysis requires the Kaiser-Mayer-Olkin (KMO) value greater than 0.5, where KMO measures sampling adequacy. The 13 th variable has KMO value of 0.49, so the variable is discarded and factor analysis will be performed only by the twelve remaining T T T T Table 1 variables. The number of factor is determined based on eigenvalue, since it is the commonly used method and comes from quantitative measurement, so it will produce the valid number. Using principal component analysis with varimax rotation, the data reduction process of twelve original variables produce four new set of factors, as can be seen in Table 2 .
Conjoint Analysis
The attributes for conjoint analysis is obtained from the factor analysis result. Table 3 shows attributes and levels used for conjoint analysis. The number of combination based on full factorial design with four attributes each at two levels is 16 combinations (i.e., 2x2x2x2).
Communication System is the ability of suppliers in developing communication with the company. Some suppliers have implemented the Electronic Data Interchange (EDI), so that the levels for this attribute are having and not having EDI system. Services describe how suppliers can serve the needs of the company. The first level is when the supplier can provide the ordered goods within 14-28 days after receiving purchasing order (PO), and the second level is 29-42 days after receiving PO.
Responsiveness describes the response from suppliers to overcome problems that arise. Since the cutting tool components are imported products, the level used is divided into two, which are 1-day with local technical support and 7 days with foreign technical support. Quality is expressed in life time of the cutting tool and is divided into two levels, namely 70% -85% of the tools life time and 86%-100% of the tools life time.
Data obtained from the second questionnaire was then used for the conjoint analysis. Conjoint analysis produces importance level (range utility) and utility rate of each combination. Importance level indicates the importance of each attribute. The greater the importance level, the more important and preferable the attribute. Total importance level for all attributes is 100%. A positive utility value indicates that respondent like the stimuli and vice versa.
There are six respondents who are involved in the supplier selection process and Table 4 shows the importance and utility values based on assessment of each respondent. The aggregate result is shown in Table 5 and Figure 1 .
From Figure 1 it can be concluded that the respondents preferred supplier that has good quality of tool (41.6%), can provide the ordered goods within 14-28 days (34.6%), fast and responsive to overcome problems that arise (11.9%), and without EDI communication system (11.9%).
Multidimensional Scaling (MDS) Results
Data obtained from the third questionnaire was then used for the MDS, that is, to visually map the potential suppliers and its ideal point based on the preferences and perceptions of the respondents. Nine potential suppliers for cutting tools become the objects of assessment and they are coded with S i where i = 1 to 9. Using the compensatory method, the MDS produces two-dimensional map of the four original factors derived from factor analysis. Analysis based on two-dimensional perceptual map would be easier than that of three or even four. In compensatory model, weakness on one attribute can be covered by other attributes depending on the importance levels of the attributes. The higher the importance levels the higher its influence. Figure 2 shows perceptual map of the potential suppliers, while Table 6 shows the Euclidean distance from each supplier to the ideal point (IP). There are three groups of suppliers resulted from the perceptual map. However, in terms of supplier selection, the supplier that will be chosen is the supplier with the smallest Euclidean distance regardless of the direction of the vector.
Group A: S1, S3, S4, S5,
This group has the closest distance to the ideal point. Suppliers in this group are distributors from wellknown product, which had very good responsiveness and service quality. To maintain the quality of their products, they always bring foreign technical support (TS) periodically. This shows their commitment to always provide the best quality. Besides providing services at the regular time, TS will also provide services at the time of unexpected problem. 
Group B: S2, S6, S7, S9
Group B is located a little farther from the ideal point which means that suppliers in this group cannot meet all the attributes desired by the company. From quality point of view, suppliers in group B have the same quality of products with that of suppliers in group A. They are cutting tools distributor of imported products with good quality. The difference lies in the response and service provided. Suppliers in group B have a marketing team that is smaller in number than that of group A. This causes the service and response given by them not as good as the suppliers in group A.
Group C: S8
There is only one supplier in this group. In contrast to the suppliers in groups A and B which are distributor of imported cutting tools, suppliers P8 is cutting tools maker, where the quality of the products cannot compete with imported product. In addition, services and responsiveness was still lower than that of group A and B.
Conclusions
According to the Supply Chain Management concept, supplier selection is a beginning of a successful supply chain. Enterprise's dependency on suppliers has lead manufacturing industries to make supplier management even more effective, in particular in JIT manufacturing which has high dependency on suppliers.
Supplier selection is inherently a complex decision, where establishing the selection criteria is indeed one of the most critical parts of the process and it is generally involve multiple criteria both T T T T Figure 1 . Figure 1 . Figure 1 . Figure 1 . Surjandari et al: Supplier Selection in JIT Automotive Industry: A Multivariate Approach quantitative and qualitative. In addition, criteria included in the supplier selection process may frequently contradict each other. Therefore, a tradeoff among criteria has to be considered. The implementation of modern production strategies such as JIT and Total Quality Management (TQM) may also increase the importance of the analysis of trade-offs among the selection criteria. The objective of this paper is to design a framework for supplier selection in JIT manufacturing based on multivariate approach. The proposed methods integrate factor analysis, conjoint analysis and multidimensional scaling to fulfill all the demand in supplier selection process. Factor analysis produced four factors that are a simplification of the original thirteen variables used in the selection process. These four factors are communication systems, services, responsiveness, and quality. The importance level of each attributes were obtained using conjoint analysis, wherein quality 41.6%, responsiveness 34.6%, service 11.9%, and communication system 11.9%. Then the MDS is applied to represent each supplier visually on a multidimensional space, that is, by observing each supplier's smallest Euclidean distance to the point of ideal supplier. The supplier with the smallest Euclidean distance to the ideal point is the best supplier that fit to the needs and preferences of the company regardless of the direction of the vector.
The findings of this study show that factor analysis can accommodate the need for multiple selection criteria both qualitative and quantitative. While conjoint analysis allows for a trade-off among criteria. Reminiscent of conjoint analysis, MDS allows respondents to map their perceptions and assessments of the suppliers into perceptual map. Hence it allows identifying unrecognized dimensions used by respondents in making comparisons among suppliers and providing an objective basis for comparison among suppliers based on these dimensions. These findings are important because it can overcome the problems that often arise in the supplier selection process, particularly in JIT manufacturing which has high dependency on suppliers.
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